A complete processing flow is proposed to implement burst mode to strip-map mode interferometry for ALOS PALSAR data. The processing flow is applied to an interferometric pair comprised of FBD (High Resolution mode [Dual polarization], belonging to strip-map mode) and WB1 (Wide observation mode, belonging to burst mode) mode of PALSAR. Interferometric products including differential interferometric phase and DEM are generated. The evaluation of these products shows satisfactory precision.
INTRODUCTION
Burst mode has been implemented in many spaceborne SAR instruments, such as Radarsat-1/2 SAR, Envisat ASAR and ALOS PALSAR, to achieve very wide swath coverage, which is the so called ScanSAR. Envisat ASAR also applies burst technique to its AP (Alternating Polarization) mode. Conventional SAR interferometry uses strip-map mode data, whereas, in our study, we try to make burst mode to stripmap mode interferometry possible, which will potentially provide many more choices of interferometry. Mixed-mode interferometry will highly improve the availability of current SAR dataset inventory, and therefore will be helpful for burst disaster monitoring, especially in the case of lacking suitable data. However, acquisitions of different modes can not be readily used for interferometry. Also to be considered is the improvement of coherence of the interferometric pair. In 2006, JAXA launched the Advanced Land Observing Satellite (ALOS) with the Phased Array Type L-band Synthetic Aperture Radar (PALSAR) instrument boarded on it. PALSAR works at L-band, which means better penetration to the earth and consequently better coherence for interferometry. Successful applications in 2008 Wenchuan earthquake [1] [2] because of high coherence suggest that it is meaningful to investigate different interferometric combinations of ALOS PALSAR. In this paper, we take burst mode to strip-map mode as an example to show mixed-mode interferometry, using ALOS PALSAR data. The interferometric pair is processed by PUMSIP (Peking University Multi-mode SAR Interferometry Processing Kit) [3] and ROI_PAC [4] .
ALOS PALSAR DATA
ALOS PALSAR can operate in 5 modes: High Resolution mode consisting of Single Polarization (FBS) and Dual Polarization (FBD), Direct Downlink mode (DSN), Wide Observation mode (WB1, WB2) and Polarimetry mode (PLR). We choose FBD and WB1 mode as the experimental data to implement burst mode to strip-map mode SAR interferometry. For the chosen data, WB1 mode is comprised of 5 subswaths, among which subswath 4 has the same coverage with FBD mode. Therefore, subswath4 is extracted from the scene for further processing. For FBD mode, we only choose the HH polarization for further processing, which is the same with that of WB1 mode. The important parameters of the data used are shown in Table. 1. As shown in Table. 1, the chirp slope and pulse length of the two modes are the same, and therefore the two acquisitions share the same range bandwidth. It happens that the PRFs of the two modes do not differ from each other, as well as range sampling frequency. Thus, resampling in both directions is not needed before interferometry. The area covered by the chosen datasets is located in Kashan, Iran. The land surface there allows very high coherence. Although the WB1-FBD pair has much smaller coverage as compared to WB1-WB1 pair, it dose not suffer from the problem of de-synchronization, which is a severe problem for the current PALSAR.
PROCESSING FLOW
The interferometric processing starts from raw echoes. For WB1 data, subswath4 is extracted from the scene. In this step, we also extract and calculate some important parameters of this subswath. The CDE (Correlation Doppler Estimator) [5] is used to estimate the Doppler Centroid frequency of this subswath. The estimated values are fitted using linear fit. After that, we use full-aperture algorithm [6] to focus raw data. However, different point targets at different places will experience different part of the Doppler spectrum, which will lead to the azimuth scalloping. Therefore, the azimuth spectrum is weighted by descalloping function which is inversely proportional to the predicted antenna gain pattern function. After weighting, the image is radiometrically corrected. Although WB1-FBD interferometry does not suffer from de-synchronization, echoes in FBD mode corresponds to the burst gaps of WB1 mode are incoherent, because the spectrum of these echoes does not overlap with that of WB1 mode for a point target. To removal incoherent echoes, we coregister the master image to the slave image. The raw data lines of FBD mode corresponding to the burst gaps of WB1 mode are replaced with zeros. Then the raw data of FBD mode is focused again, which will be used in the following interferometry. Considering that, the resulting interferogram will have a resolution equaling to that of the WB1 mode at most. The following steps are the same with those of traditional strip-map interferometry. The whole flow chart for generating a differential interferometric phase map is shown in Fig. 1 . In addition to land displacement detection, DEM generation using interferometry is another meaningful application. In this research, we also apply WB1-FBD interferometry to DEM generation using the same datasets. The first few steps before the second focusing of FBD data can use the aforementioned methods, while the afterwards steps can use the traditional strip-map interferometry methods. Therefore, the flow chart of DEM generation is not illustrated any more.
RESULTS

Coherence improvement after incoherent echoes removal
We have explained in section 3 that the incoherent echoes in FBD dataset will affect the coherence of the interferometric pair. Therefore, these echoes should be removed to improve coherence. Fig. 2 shows the coherence improvement with incoherent echoes removal. Fig. 2 (a) is the coherence map without incoherent echoes removal, while Fig. 2 (b) is the coherence map with incoherent echoes removal.
Comparison of the two figures shows that the coherence is highly improved after incoherent echoes removal, which is also precisely reflected in their corresponding histograms shown in Fig. 2 (c) and Fig. 2 (d) . The mean values of Fig. 2 (a) and Fig. 2 (b) are 0.61 and 0.33, respectively. After incoherent echoes removal, the mean coherence is improved by 85%, and therefore the quality of the interferogram is highly improved.
Quality of differential interferogram
Burst mode to strip-map mode interferometry can be applied to monitor land displacement, which is also one of the most important applications of SAR interferometry. In this study, there is not any evident crustal activity during the time span of the two acquisitions. Consequently, the differential interferometric phase is supposed to be zero for all of the pixels. However, land displacement is not the only cause of non-zero interferometric phase, as recent studies prove that atmospheric effect will also impose on the SAR signal [7] . It should also be noted that topographic phase is difficult to be removed thoroughly in high relief area. Nevertheless, the resultant interferometric phase should not vary in a large extent. Fig. 3 (a) is the differential interferometric phase derived by WB1-FBD interferometry. We can see from this figure that significant errors mainly distribute in high relief area. These errors are probably caused by the residual topographic phase. On the other hand, the differential phase of most of the flat areas is acceptable, which is not much influenced by the residual topographic phase. Fig. 3 (b) is the histogram of the differential interferometric phase map, in which most of the phase values gather around 0. The standard deviation of the whole differential interferometric phase map is 0.4439 rad.
Quality of interferometric DEM
Since there is not any evident terrain change during the time span of the two acquisitions, we also apply the WB1-FBD interferometry to DEM generation. We use SRTM DEM to check the precision of WB1-FBD DEM. Fig. 4 shows the comparison of the two DEMs. Although the DEM difference ranges from -134.8m to 125.2m, most of the pixel values gathered around 0. In addition, most of the gross errors locate in high relief areas, reflecting the inability of WB1-FBD interferometry in high relief area, which is also the problem of traditional stripmap interferometry. The errors may also be caused by the misregistrations between WB1-FBD DEM and SRTM DEM, as well as real terrain changes caused during the time span of SRTM acquisition and WB1-FBD acquisition. The distribution of DEM difference is clearly shown in Fig.  5 , which is the histogram of DEM difference. The mean value and standard deviation are 5.30m and 12.6m, respectively. 87.3% pixels have values within 20m. The 
CONCLUSION
We have shown in this paper the possibility of interferometry using different modes of ALOS PALSAR datasets. Based on PUMSIP and ROI_PAC, we have shown the flow chart of WB1-FBD interferometry. The applications of WB1-FBD include land surface change detection and DEM generation. Statistical results of differential interferometric phase and DEM difference prove the reliability of WB1-FBD interferometry.
